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(54) PROCESS FOR MANUFACTURING ORGANIC ELECTROLUMINESCENT DEVICE 



(57) A method for producing an organic electrolumi- 
nescent device, which is provided with first electrodes 
formed on a substrate, a thin film layer formed on the 
first electrode containing at least an emitting layer conrv 
posed of an organic compound and a plurality of second 
electrodes formed on the thin film layer, and has a plu- 
rality of luminescent regions on said substrate, compris- 
ing the steps of forming spacers having a height at least 
partially exceeding the thickness of said thin film layer 
on the sut>strate, and vapor-depositing a deposit for pat- 
terning while the shadow n^sk having reinforcing lines 
formed across its apertures is kept in contact with said 
spacers. 

Highly precise fine patterning can be effected under 
wide vapor deposition conditions without degrading the 
properties of organic electroluminescent elements, and 
high stability can be achieved tuy a relatively simple 
process without limiting the structure of the electrolumi- 
nescent device. 
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Description 

Technical Fields 



J luminescem regions of oiganic electroluminescent elements on one substrate, which can be used in suSs 2 
display elements, flat panel displays, back lights and the Interior 



10 



Background Art 
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Knt ^^^^^i^^" e'«*o'"'™"escent elements attract attention as new luminescent elements. In this 

h . ^"^ Tang etal. of Kbdakdemonstrated for the first time that it enSd 

light at a high luminance at a low voltage (App. Phys. Lett. 51 (12) 21 p 913 1987) 

SSSTLI^B a^^lVn^*""!!*^? ^'*T"L^ ^" "'Sanic ;iectrolumine5cent element A hole trans- 

tSJsTnLer? fZJ ' l'^"' "^"^ « '^'"^^^ °" transparent first elec- 

l^w. * i °" ^ ^'^^ ^"^^ ^" ^"^ "9'^* e'n'tt^' due to the drive by a drive source 9 Is taken 
tS^ZulVr "r"!f ^'^ °'«^™° e'«=trolumineiBnt elem^M a^n 

SSSno^r^nfM m ^ " ''9' '""'"'^ ^"^ multicolored luminescence 

S;dCXS'SndT"'- 

'"^^.''^^•'of example, in a passive matrix type color display as shownln Figs. 1 to 3, a technique for hiohly 
precisely patterning at least an organic emitting layer and second electiDdes is need^. and in an activfi^ix H 
^d«ptey.atechniquefbrhighlypredselypatt6rningatleastanorganicemiffi^^ 

patterning, photolithography is conventionally used as a wet process Japanese Patent Laid- 

XSHn'Sg^S^^^^^ 

!S iJS "^^"f ^« ^^"^ "^"9 P^°cess. Japanese Patent Uid-Open 

SL^K". M u^l^^ ^ Hei8-315981 disclose partition techniques. In the technique Japanese Patent iS 
Open (Kbkao No. He,5-275172, partitions are ananged wHh intervals on a sutjstrate. and an eSSs m^terTfe 

Sllf r'*^ """""^ °" ^ ^'^''"^e material is vapor^eposited on the 

substrate from within an angle range with the vertical direction as the center M«.n«Jonuie 
SSL I asking methods are general patterning methods without using any wet process. In these 

IST" " "^"^ ^ '"'^ ' ^-daPosfted through Spaces fbTJ 

lOm As a fine patterning method by masking. Japanese Patent Laid-Open (KokaQ No. Hef9-1l5672 disctases a 
n«^g technique using a shadow mask with a single layer structure. In this m^od. a shadow m^k^eHn mt^ 

cart color, to allow the producton of a practical pitch passive matrix type color display. 

an^ P^«J PuIiL^™!'J*'l"^'l T ' of '° ^ ^ °'9^™<= electroluminescent devfce. Jap- 

anwe Patert PuUicaton (Kokoku) No. Sho63-38421 discloses a technique for fomiing a wiring pattern bv us noa 

T^::ZTj;i"^7l T^'- ' '^'^^^ consSing" mes'STnd^a S vSth 

^TJ J. '""'^ ^ deformation of apertures, a complicated wiring pattem such as a c^cfic^it r«r- 

tion and a curved thin circuit portion can be formed. «t.7c«ccircuiipor 

Disclosure of the Invention 
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^'^^ mentioned conventonal methods have the following problems 
[0011 Aaording to said photolithographic method, since the organic thin film layer used as a component of an 

LS'nst?nlT'^'^''r'^ ^'"'-^"^ ^aainst water'organic sol^r^ cJeS^i^" 

solufions the perfomwnce of the organk: electroluminescent element is remarkably degraded Furthermore to *te^ 

KStiot^? f ' ' '"^^ '^''^"""9 "^'"9 ^adows of the deS^formed 

vapor strays behind the partitions in a large quantity. So. these methods are not suitable tor larger substrate areas 
higher vapordeposrton rates or more highly predsepatterning-furthermore. Since regionsfr 
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trodes called dead spaces corresponding to the shadows of the deposit exist on the organic thin film la/er, the organic 
electroluminescent element taids to be deteriorated by the invasion of water, etc. from there. Moreover, it Is not easy 
to stably fonn partitions with a large sectional aspect ratio and specially formed partitions with overhangs on tiie entire 
surface of the substrate. 

[001 3] In the conventional masking methods, the vapor strays due to tiie poor contact between the substrate and the 
shadow mask. Especially when a shadow mask extremely narrow In the mask portion compared to tiie apertures is 
used, for example, for patterning second electrodes formed in stripes, the apertures can be deformed due to insufficient 
strength of the shadow mask. So, it is difficult to highly precisely achieve the fine patterning in sub-millimeter ranges 
required for displays, etc. 

[001 4] In the masking mettiod using a shadow mask with a single layer sta'ucture, though the mask portion is relatively 
wide, the problem that the apertures are deformed cannot be solved, and patterning at high accuracy cannot be 
achieved yet Furthermore, since the organic thin film layer and the second elecbodes are laminated in the same flat 
form, a plurality of electrode material evaporation steps are necessary for forming the second electrodes, and in addi- 
tion, tiie element obtained can be applied only as a display structure in which the second electrodes can function as a 
data line. 

[001 5] The masking method using a shadow mask with a laminate stivcture cannot be applied for fomning a fine pat- 
tern of sub-millimeter ranges since the conventional wiring patterns are generally formed in millimeter ranges. Further- 
more, since a shadow mask prepared by placing a patterned foil on highly rough meshes is used, the shadow mask is 
not sufficient in flatness or accuracy, and it is difficult to highly precisely achieve a fine pattern disadvantageousty. Fur- 
thermore, since this metiiod forcibly keeps the shadow mask in contact witii tiie substrate by a magnet, the shadow 
mask easily flaws the organic thin film layer when the organic thin film layer on which the second electrodes are formed 
is very soft conpared to a ceramic substrate, etc. So, since an undesirable accident such as shortdrcurting between 
the first electrodes and tiie second electrodes can occur, tiiis metiiod cannot be applied for patterning in an organic 
electroluminescent device. 

[001 6] As desaibed above, according to the prior arts, it is difficult to highly precisely and stably achieve the fine pat- 
terning necessary for production of an organic electroluminescent device, without damaging tiie organic tiiin film layer. 
[0017] The object of the present invention is to solve tiie above problems by providing a method for producing an 
organic electroluminescent device which allows highly precise fine patterning under various vapor deposition conditions 
wittiout degrading tiie properties of tiie organic electroluminescent elements and can achieve high stability by a rela- 
tively sirrple process without limiting the structure of the electroluminescent device. 

Brief Descr^on of the Drawings 

[0018] 

Rg. 1 is a plan view showing an example of the organic electi-otuminescent device produced according to tiie 
present invention. 

Rg. 2 is a sectional view along 1-1' of Fig. 1 . 
Rg. 3 is a sectional view along 11-ir of Rg. 1. 

Rg. 4 is a plan view showing an example of the shadow mask used in the present invention. 
Rg. 5 is a sectional view along 1-r of Fig. 4. 

Rg. 6 is a sectional view along t-r for illustrating an example of the second electrode patterning method in the 
present invention. 

Rg. 7 is a sectional view along li-ir for illustrating an example of the second electrode patterning method in tiie 
present invention (side view of Rg. 6). 

Rg. 8 is a plan view showing an example of the first electrode pattern. 

Rg. 9 is a plan view showing an example of the spacers formed in the present invention. 

Rg. 1 0 is a plan view showing another example of the organic electroluminescent device produced according to the 

present invention. 

Rg. 11 is a sectional view along 1-1' of Rg. 10. 
Rg. 1 2 is a sectional view along 11-11* of Rg. 10. 

Rg. 1 3 a plan view showing a further ottier example of the organic electi'oluminescent device produced according 

to the present invention. 

Rg. 14 is a sectional view along 1-1' of Rg. 13. 

Rg. 15 is a sectional view along ll-ir of Rg. 13. 

Rg. 16 is a sectional view along 1-1' for illustrating a method for forming the hole ti^sport layer. 

Rg. 17 is a plan view showing another example of the shadow mask used in the present invention. 

Rg. 1 6 is a sectional view along 1-1' for illustrating an example of the emitting layer patterning method in the present 
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invention. 

S' S fZ!!:"* '■' '"""^""S ^ ^ec*"'" transport layer. 

Fig. 23 is a sectional view along lll-lir of Fig. 4 
/" Se^^oa ' ' ""'^^ ^"^'^ "^ed in the presem 

S' ?7 it'iir*^ ''^^ * ^'^^^^ °* the shadow mask used in the present invention 

r5 pSsS reS"" ^"""^ "^"^'^ °' P««-'"9 m^od in the 

t2 p^e^ ^-^^ -^'^ ^--^ ^'^^o^e patterning method in 

p'iSsStnJS™' "^"^'^ °' '^'^ P^rt^-^ ^ - the 

Ra 3? I f ^ "^^ *^ ™^ '^^ ^'«=trade patterning used in Exanple 1 . 

Rg. 31 IS a sectional view along l-r of Rg. 30. 

Rg. ^ is a plan view showing the organic electroluniinescent device produced in Exarrcle 1 
Fig. 33 IS a sectional view along l-l" of Fig. 32. v^o ■ • 

Rg. 34 is a sectional view along 11-11' of Rg. 32 

in me'eS^Ss" '""^ "^^^ "^"^"^ "^^"^ Patterning used 

Sd'^'fhfSS^r'"'"'"'*''"'*'^ 

Fig. 37 is a sectional view showing an example of the conventional organic electroluminescent element. 
The Most Preferred Embodiments of the Invention 

ISl ^j^^jf escribed above can be achieved by the present invention described below. 

f S«J^fi'r^'ll'^^"J^ ^ electroluminescent device, which is provided with 

tee^^1brmedonasubsfr«e.^ 

rfZ^ '''^"~*'^^'^"'^'*^'^=^'^«'«*«^esfbrmedOT 

t^l^^"^ Z '^^'^ °' ^<=«'^ having a iSpSj 

It^ tti'ckness of said thin film layer, on the substrate, and vapor^epositing a m^erial for pSemMe a 

SST r """^ is kepi in co^Lt L said iaZT 

[OKI ] The organic electroluminescent device in the present invention has a plurality of luminescent reoions of omanir 

dSrZ'„l''''^'^.°" electroluminescem deX^Zc^Si^g to tS^n^^ 

be applied to organic electroluminescent devices wfth desired structures irrespecfive of tvoes sudi as Teomprrth^ 

a^n^.^r^r'^"^'^''^^^'^^^^^^'^'^-"'*-^ 

SSit inlL!r^'t.°' ^"^^ electroluminescem device produced acco«ling to the production method of the 
te^n L 1 to 3. Rrst electrodes 2 formed in stripes on a s^te 1. a thin film ireMO cTn 

„ T"^ T ^.«"^ed of an organic compound patterned on the first electiSle^ and secSrS^le^i 
8 fonned ,n stripes .n the direction perpendicular to the first electrodes are laminated on the i^Sra^eTto foS^ 
S s:::^S"s'^^ elect^luminescent element structures at the inters^Sbi^^S t 
tTu^ T^f respective luminescent regions can emit limH in red (R). green (G) and blue fB) 

2ar,2,fv?r„r ""^ P"^"^* "^^'^ type electroluminescem de^o?can Sn!ii e 

rr«;^eiS;Te:3torS 
rs:^oreSXTr„:s::;rt^rJ~ 
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[0024] If the transparent electrodes have a visible light transmittance of 30% or more, they can be used without any 
large problem, but it is ideally preferable that the transmittance is dose to 100%. Basically it is preferable that the elec- 
trodes have similar transmittance over the entire visible light range. If it is wished to diange the luminescent color, the 
electrodes can also be nmde positively photoabsort>able. In this case, any color change method by use of a color filter 
5 or interference f Dter is technically easy. The transparent electrode material often used is at least one element selected 
from incfium, tin. gold, silver, zinc, aluminum, chromium, nickel, oxygen, nitrogen, hydrogen, argon and cartxjn. but inor- 
ganic conductive materials such as copper iodide and copper sulfide and conductive polymers such as potythiophene, 
polypyn-ole and polyaniline can also be used. TTie material used is not espedalty linked. 

[0025] Preferafcde materials for the first electrodes include tin oxide, zinc oxide, indium oxide, indium tin oxide (ITO), 

10 etc. to be formed on a transparent sut)strate. For application as a display, etc. requiring patterning, it is espedalty pref- 
erable to use no excellent in processability for the first electrodes. For higher electric conductivity, ITO can contain a 
small amount of a metal such as silver or gold. Furthermore, tin, gold, silver, zinc, indium, aluminum, chromium and 
nickel can also be used as guide electrodes of ITO. Above all. chromium is a preferable guide electrode material since 
it can have both the functions of black matrix and guide electrodes, tn view of the power consunrption of the organic 

IS electroluminescent device, it is preferable that the resistance of ITO is low. An ITO substrate of 300 n/sq. or less can 
function as first electrodes, but since an ITO substrate of about 10 O/sq. can be easily supplied at present, a low resist- 
ance material can also be used. The thickness of ITO can be selected as desired to suit the resistance value, but usu- 
ally. 100 to 300 nm thick ITO is often used. The material of the transparent substrate is not espedally limited, and a 
plastic sheet or film made of a potyacrylate, polycart>onale, polyester, polyimide or aramid can be used. A preferable 

20 material is a glass sheet. Soda lime glass, no-alkali glass, etc. can be used, and the thickness required is 0.5 mm or 
more since the thickness is only required to be enough to keep the mechanical strength. As for the material of glass, 
since it is better that the amount of ions dissolved from the glass is smaller, no-alkali glass is preferable, but the mar- 
keted soda lime glass coated with silicon dioxide, etc. as a barrier can also be used. The method for forming ITO is not 
espedally limited, and can be selected from electron beam evaporation, sputtering evaporation, chemical reaction, etc. 

25 [0026] The second electrode material is not espedally limited either. When ITO is used as the first electrodes, the 
second electrodes are required to function as cathodes to allow effident injection of electrons into the organic electro- 
luminescent elements since ITO functions generally as anodes. Therefore, as the second electrode material, a low work 
function metal such as an alkali metal can also be used, but considering the stability of electrodes, it is preferable to use 
a metal such as platinum, gold, silver, copper, iron, tin. aluminum, magnesium or indium, etc., or an alloy consisting of 

30 any of these metals and a low work function metal. Furthermore, stable electrodes can also be obtained with a high 
electron ir^ection effidency kept by doping a slight amount of a low workf unction metal into the thin film layer of organic 
electroluminescent elements or forming a layer of a metal salt such as lithium fluoride thinly on the thin film layer before- 
hand, and subsequently forming second electrodes of a relatively stable metal. The metfiod for forming the second 
electrodes is not especially limited either as far as it is a dry process such as resistance heating evaporation, electron 

35 beam evaporation, sputtering evaporation or ion plating. 

[0027] The thin film layer contained in the organic electroluminescent elements can be any of 1) hole transport 
layer/emitting layer. 2) hole transport layer/emitting layer/electron transport layer, 3) emitting layer/electron transport 
layer and 4) a emitting layer with the above layer constituting materials mixed in a layer. That is, as far as an emitting 
layer composed of an organic compound exists as an element component, a multilayer laminate structure of any one of 

40 the above 1) to 3) or a one emitting layer containing luminescent materials alone or luminescent materials, hole trans- 
port materia] and electron transport material as in 4) can be used. 

[0028] The hole transport layer is formed by a hole transport material alone or a hole transport material and a high 
molecular binder. Preferable hole transport materials include low molecular compounds, for example, triphenylamines 
such as N,N''diphenyl-N,N*-di{3-methylphenyO-1,1'-diphenyl-4,4*-diamine (TPD) and N,N'.KJiphenyl-N,N'-dinaphthyl- 
45 1,r-diphenyl-4.4'-diamine (NPD), heterocydic compounds such as N-isopropylcari3azole, pyrazoline derivatives, styl- 
bene compounds, hydrazone compounds, oxadiazole derivatives and phthalocyantne derivatives, and polymers such 
as polycaitx)nates with any of said low molecular compounds at the side chains, styrene derivatives, polyvinylcartiazole 
and polysilanes. 

[0029] In the application as a passive matrix type electroluminescent device, the respective organic electrofumines- 
Bo cent elements are short in luminescent time, and it. is required to emit light at a high luminance momentarily by feeding 
pulse currents. In this case, the hole transport material e required to have not only excellent hole transportability and 
stable film fonnability. but also good electron bloddng property for preventing the dedine of luminescence effidency 
called by the leak of electrons in the hole transport layer. To satisfy tiie above properties in good balance, in the pro- 
duction method of the present invention. K is espedally preferable to contain a step of forming an organic layer of an 
55 organic compound containing the b'scart^olyl ^cture shown below. 
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[00301 where R and R are selected from hydrogen atom, alkyi groups, halogen atoms, aryl grovps, aralkyi groups 
and cycloalkyi groups. Furthermore, the carbazolyl structure can be connected with one or more substituent groups 
selected from alkyI groups, aryl groups, aralkyi groups, carbazolyl group, substituted cartazolyl groups, halogen atoms 
alkDxy groups, dialkylamino groups and frialkylsiiyi groups. 

[0031] Preferable luminescent materials include low molecular compounds such as anthracene derivatives pyrene 
derivatives. S-hydroxyquinolinealumlnum derivatives, bisstyrylanthracene derivatives, tefraphenylbutadiene derivatives 
cumanne derivatives, oxadiazole derivatives, distyrylbenzene derivatives, pyrrolopyridine derivatives, perinone deriva- 
tives, cyclopentadiene derivatives, oxadiazole derivatives and thiadiazolopyridine derivatives respectively convention- 
ally known as light emitters, and polymers such as polyphenylenevinylene derivatives, polyparaphenyiene derivatives 
and polythiophene derivatives. Preferable dopants to be doped into the emitting layer include rubrene. quinaaidone 
derivatives, phenoxazone derivatives. DCM. perinone derivatives, perylene derivatives, cumarine derivatives and dia- 
zaindacene derivatives, etc. 

[0032] It is preferable that the electron fransport material has large elecfron affinity, large electron mobility and stable 
thin film tbrmability. since it is required to efficiently fransport the elecfrons injected from cathodes. Preferable materials 
satisfying these properties include S-hydroxyquinonealuminum derivatives, hydroxybenzoquinoneberyllium derivatives 
oxadiazole derivatives such as 2-{4-biphenyI)-5-{4-t-butylphenyl)-l.3.4-Q)cadiazole (t-BuPBD). 1,3-bis(4-t-butylphenyl- 
1.3.4-Qxadizolyl)biphenylene (OXD-1) and 1.3-bis(4-t-butylphenyl-1.3.4-Qxadizolyl)phenylene (OXD-T), friazde deriva- 
tives, phenanthrdine derivatives, etc. 

[0033] The materials used for the hole fransport layer, emitting layer and electron transport layer can respectively sin- 
gly form the respective layers, but can also be dispersed Into any high molecular binder, for example, a solvent soluble 
resin such as polyvinyl chloride, polycarbonate, polystyrene, poly(N-vinylcarbazole). polymethyl mettiacrylate. polybutyl 
methacrylate. polyester. polysuHone. polyphenylene oxide, polybutadiene, hydrocarbon resin, ketone resin, phenoxy 
resin, polysulfbne, polyamide. ethyl cellulose, vinyl acetate. ABS resin or polyurethane resin, or a setting resin such as 
phenol resin, xylene resin, petroleum resin, urea resin, melamine resin, unsafejrated polyester resin, alkyd resin epoxy 
resin or silicone resin. / 
[0034] The methods for forming the hole fransport layer, emitting layer, elecfron fransport layer, etc. are not especially 
limited and can be resistance heating evaporation, elecfron beam evaporation, sputtering evaporation, etc. However 
generally such methods as resistance heating evaporation and electron beam evaporation are preferable in view of 
properties. The thicknesses of the organic layers cannot be limited since they relate to resistance values but are prac- 
tically selected in a range of 1 0 to 1 000 nm. 

[0035] Furthermore, ttie hole fransport layer and the electron transport layer can also be wholly or partially made of 
an inorganic material. Preferable materials include inorganic semiconductive materials such as silicon carbide gallium 
nifride. zinc selenide and zinc sulfide. 

[0036] The production method of the present invention comprises ttie steps of forming spacers having a height at 
l^st partially exceeding the ttiickness of said thin film layer, and vapor-depositing a material for patterning while a 
shadow mask having reinforcing lines formed across its apertures is kept in contact witti said spacers. For exanple as 
shown in Fig. 3 which is a cross sectional view along ll-ir of Fig. 1 . spacers 4 having a height exceeding the thickness 
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of a thin f flm layer 1 0 are formed on a substrate 1 . After forming the thin film layer, etc. , a shadow mask having reinforc- 
ing lines 33 as shewn in Fig. 4 and Fig. 5 which is a sectional view along l-r of Rg. 4 is kept in contact with the spacers, 
while a deposit is deposited for patterning second electrodes 8 as shown in Rg. 6 and Hg. 7 which is a side view of Rg. 
6. in this case, since the shadow mask is kept In contact with the spacers, it can be prevented that the thin f Dm layer is 
5 flawed. Furthemiore, since a clearance 36 exists between one face 35 of the mask portion 31 of the shadow mask and 
the reinforcing lines, the deposit can be deposited behind the reinforcing lines using the clearance, for patterning with- 
out dividing the second electrodes by the reinforcing lines. In reference to this method for producing an organic electro- 
luminescent device, the present invention is described below in detail. 

[0037] At first, first electrodes 2 on a substrate 1 are patterned in form as shown in Rg. 8. The patterning method can 
70 be any publicly known technique, and is not especially limited. Therefore, the first electrodes can also be tomried on the 
substrate by a patterning method of using a shadow mask having reinforcing lines of the present invention, but in gen- 
eral, the first electrode layer formed on the entire surface of a substrate can be patterned by photolithographic etching. 
The pattern of the first electrodes is not especially limited, and the optimum pattern suitable for the intended application 
can be selected. Furthemiore, the patterning of first electrodes can be effected as required, and for example, if only one 
75 first electrode is used as a common electrode in a segment type electroluminescent device, the patteming of first elec- 
trodes Is not required. 

[0038] Then, as shown in Rg. 9, spacers 4 with a height exceeding the thickness of the thin film layer are formed to 
be positioned between the second electrodes to be formed later. In the production method of the present invention, it is 
necessary to form spacers with a height at least partially exceeding the thickness of the thin film layer on the sut)strate, 
20 for preventing that the shadow mask flaws the thin film layer formed on the substrate when tfie substrate and the 
shadow mask are kept in contact with each other. The height of the spacers is not especially limited, but considering 
the decline of pattem accuracy caused by the deposit straying into the clearance formed between the shadow mask and 
the substrate by the spacers, the height is usually in a range from 0.5 to 100 ^m. 

[0039] The positions where the spacers are formed are not especially limited, t>ut it is preferable to locate the spacers 
25 mainly in the non-luminescent regions in the organic electroluminescent device to minimize the loss of the emitting 
area. The spacers are not especially limited in structure and can be formed by one layer or a plurality of layers. For 
example, as shown in Figs. 10 to 12. relatively thin first spacers 3 can be formed between the first electrodes 2. and 
second spacers 4 with a height exceeding the thickness of the thin film layer can be formed between the second elec- 
trodes 8 in the direction perpendicular to the first electrodes 2. Furthermore, the first spacers 3 can t^e formed so that 
30 they cover the ends of the first electrodes, to function as an inter-layer insulation layer, as shown in Rgs. 1 3 to 1 5. As a 
further other method, the first spacers can be formed as a matrix* and the second spacers 4 can be formed to partially 
overlap the first spacers. As a still further other method, a plurality of dot spacers can be arranged on the substrate. The 
spacers are not especially limited in sectional form. 

[0040] Since the spacers are mostly formed in contact with the first electrodes, it is preferable that they have sufficient 
35 electric insulation performance. Conductive spacers can also be used, but in this case, electrically insulating portions 
are required to be formed for preventing the shortoircurting between electrodes. For the spacers, pubiidy known mate- 
rials can be used. Inorganic materials which can be preferably used as the spacers include oxide materials such as sil- 
icon oxide, glass materials, ceramic materials, etc., and organic materials which can be used include polymer resins 
. such as polyvinyl resins, polyimide resins, polystyrene resins, acrylic resins, novolak resins and silicone resins. Further- 
40 more, rf the spacers are blackened wholly or at the portions in contact with the substrate or first electrodes, the spacers 
can have a black matrix function contributing to the inprovement of display contrast Spacer materials which can be 
preferably used in this case include inorganic n^terials such as silicon, gallium arsenide, nr^nganese dioxide, titanium 
oxide and a laminate film of chromium oxide and metal chromium, and organic materials such as mixtures obtained by 
adding any of pigments and dyes based on cartx)n blacK phthalocyanine, anthraquinone, monoazo, disazo, metal com- 
45 plex salt type nronoazo. triallylmethane, aniline, eto. and treated on the surfaces to inprove electric insulation perfomn- 
ance, or any of powders of said inorganic materials, to any of said resins. 

[0041 ] The method for forming the spacer layer is not especially limited, and can be a dry process such as resistance 
heating evaporation, electron beam evaporation or sputtering evaporation when an inorganic material is used, or can 
be a wet process such as spin coating, slit die coating or dip coating when an organic material is used. The spacer pat- 
so teming method is not espedaily limited, but in view of process. 

[0042] it is easy to form a spacer layer on the entire surface of the substrate after patterning the first electrodes, and 
then to use a putiiidy knowvn photolithographic method for patte'ning. The spacers can also be patterned by etohing or 
lifting off using a photoresist Furthermore, a photosensitive spacer material obtained by making any of said resins pho- 
tosensitive can be used to directly expose arKi develop the spacer layer for patterning. 
55 [0043] The method for forming the thin film layer is described below. At first a hole transport layer 5 is formed on the 
sut>strate with spacers formed on it as shown in Rg. 9. In this case, it is only required to vapor-depoat a hole transport 
material 1 1 in the entire area where luminescent regions exist as shown in Rg. 16. 

[0044] The emitting layer is pattemed as desaibed below. The shadow nr^sk used is shown in Rg. 17. The nask 
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portion 31 has apertures 32 formed to corresporxi to the respective luminescent regions of the emitting layer, and to 
prevent the defornnation of the apertures, reinforcing lines 33 are formed on the same plane as the mask portion to 
cross the apertures for preventing the deformation of the apertures. Furthermore, the shadow mask is fixed on a frame 
34 to allow easy handling. Then as shown in Fig. 18 and Fig. 19 which is a side view of Fig. 18, the shadow mask is 
brought into contact with the spacers 4. while relatively positioning the first electrodes 2 and the apertures 32 to ensure 
that the spacers 4 overlie on the reinforcing lines 33. That is. the reinforcing lines are kept in contact with the spacers 
If a luminescent material 12 is vapor^eposited in this state, a emitting layer 6 (B regions of the emitting layer, in this 
case) IS formed on desired regions. This action is repeated three times, for patterning the respective R. G and B regions 
of the luminescence layer 6 over the first electrodes as shown in Fig. 20. The shadow mask used for patterning the emit- 
ting layer is not limited to the mask shown in Rg. 17. For example, the shadow mask used for patterning the second 
electrodes shown in Fig. 4, etc. can also be used for patterning. 

[0045] Since the shadow mask contacts the spacers without flawing the thin fflm layer, it does not happen that the 
properties of the organic electroluminescent elements are degraded, and furthermore, the substrate and the shadow 
mask can be easily relatively positioned. 

[00461 Ttie emitting layer can be patterned by using shadow masks as many as the number of colors of the emitting 
layer, but when the same luminescence pattern is repetitively formed as in a matrix type electroluminescent device the 
respective color regions of the emitting layer can be pattemed by shifting the relative positions of one shadow mask'and 
the siisstrate. 

[0047] The shadow mask is not especially limited in structure. However, it is preferable that the reinforcing lines are 
ananged at the apertures to ensure that the reinforcing lines agree with the high portions of the spacers exceeding the 
thickness of the thin film layer for avoiding that any portions behind the reinforcing lines exist in the luminescent regions 
[0048] The reinforcing lines are not especially limited in width, but it is preferable that the width is smaller ttian the 
width of the portions where no emitting layer exists, i.e.. the non-luminescent regions in the organic electroluminescent 
dance. Therefore. H is preferable that the width of reinforcing lines is smaller than 50 nm. Smaller than 30 urn is more 
preferable. In view of the form integrity of ttie shadow mask, it is desirable that the thickness of the mask portion is 
arger, but to keep ttie widtti of reinforcing lines smaller, it is preferable that ttie ttiickness is more ttian about one half to 
less than about 3 times the width of reinfordng lines. 

[0049] The plane sizes of ttie first electrodes and ttie luminescent regions of ttie emitting layer are not especially lim- 
ited, but for decreasing the possibility of ttie shortcircuiting between ttie first electrodes and ttie second electrodes it is 
preferable ttiat ttie luminescent regions of ttie emitting layer are larger than ttie exposed portions of tfie first electrodes 
oonresponding to ttie respective luminescent regions. In ttie passive matrix type electroluminescent device shown in 
Figs. 1 to 3. the practical typical crosswise pitch of respective luminescent regions can be. for exarrple, 100 jim. In ttiis 
case, if the width of each first electrode is 70 nm. it is preferable to set the widths of each luminescent region of ttie emit- 
ting layer and each aperture at values close to 100 jim equal to the pitch, \d ensure ttiat ttie wkfths of ttie luminescent 
region and ttie aperture are larger ttian ttie wkfth of ttie first electrode and that the luminescent region and the aperttjre 
do not overlap the adjacent first electrodes. 

[0050] To produce a monochromatic electroluminescent device, ttie patterning of the emitting layer can be omitted In 
this case, as in ttie mettiod shown in Fig. 16, ttie emitting layer can be formed by depositing a luminescent material in 
the entire area where the luminescent regions exist. 

[0051 ] For ttie electron transport layer, an electron ttansport material 1 3 is deposited on ttie entire area where ttie 
luminescent regions exist, to form ttie electton ttansport layer 7, as shown in Fig. 21 . Furthermore, if an electron ttans- 
port material is deposited continuously in the step of patterning ttie emitting layer shown in Rgs. 18 and 19, ttie electton 
transport layer 7 can also be pattemed to correspond to tfie respective R, G and B regions of ttie emitting layer 6 as 
shown in Fig. 22. The mettiod for forming the electron transport layer is not especially limited. However, even if any 
region where no emitting layer exists on any first electrode for example since a foreign matter is deposited on ttie 
shadow mask, ttie electron ttansport material deposited on the entire area allows ttie region to be covered witti an elec- 
tron transport layer, for effectively preventing ttiat ttie organic electroluminescent element from being greatly degraded 
in properties. So. it is preferable to form the electton ttansport layer by ttie former mettiod. In ttiis case, to prevent ttie 
change of lu.inescent colors due to the migration of energy from tfie emitting layer to ttie electton transport layer it is 
preferable to use an electton ttansport material witti a luminescence energy equivalent to or larger ttian the largest lumi- 
nescence energy among ttiose of ttie respective color regions of ttie emitting layer. That is. in the structure of ttie elec- 
troluminescent device shown in Rg. 21 , it is preferable to use an electton ttansport material witti a luminescence energy 
equivalent tt) or larger ttian ttiat of the B regions of ttie emitting layer, for forming the electton ttansport layer 7 
[0052] The above step of forming tfie hole transport layer or electton ttansport layer can be omitted, depending on 
the sfructure of the ttiin film layer contained in ttie organic electtoluminescent element. 

[0053] The mettiod for patterning ttie second elecfrodes is described below. The shadow mask used is shown in Rgs 
4 and 5. The mask portion 31 is provided witti aperttires 32 formed to con'espond to ttie second electtodes, and to pre- 
vent ttie defomiation of ttie apertures, reinforcing lines 33 exist across ttie aperttjres. Furthermore, between one face 



8 



EP 0 955 791 A1 



35 of the mask portion and the reinforcing lines, a clearance 36 exists. Moreover, the shadow mask is fixed on a frame 
34 to allow easy handling. Then, the shadow mask is brought into contact with the spacers 4 by positioning to ensure 
that the spacers 4 overlie on the mask portion 31 . If a second electrode material 14 Is vapor<ieposited in this state, the 
second electrodes 8 are formed at desired regions. The second electrode material flying from the reinforcing lines 33 
5 goes into the portions behind the reinforcing lines because of the clearance 36, and it does not happen that the second 
electrodes are divided by the reinforcing lines. 

[0054] Since the shadow mask contacts the spacers, without flawing the thin film layer, the properties of the organic 
electroluminescent elements are not degraded, and the substrate and the shadow mask can be easily relatively posi- 
tioned. 

10 [0055] It is preferable to pattern the second electrodes by one step of vapor deposition as described above. However, 
the number of steps is not especially limited. The second electrodes can also be pattemed by a plurality of vapor dep- 
osition steps by using a plurality of shadow masks or by relatively shifting one shadow mask and the substrate in posi- 
tion. 

[0056] The vapor deposition conditions of the second electrode material are not especially limited. Vapor deposition 
IS from one evaporation source can be adopted, but to wake the second electrodes less likely to be divided by reinforcing 
lines, it is effective to evaporate the second electrode material in a plurality of different directions in reference to the rein- 
forcing lines, for ensuring that the second electrode material goes behind the reinforcing lines. For manifesting such an 
effect, when a high vacuum process such as vacuum evaporation in which the deposit is emitted straight from one or 
more evaporation sources to the substrate is used, it is preferat)le in view of process to evaporate the second electrode 
20 material from a plurality of evaporation sources or to move or rotate the substrate relatively to one or more evaporation 
sources for depositing the second electrode material. Furthern[K)re, a low vacuum process such as sputtering e^/apora- 
tion is preferable since the second electrode material is likely to deposit behind the reinforcing lines by flying in random 
directions. 

[0057] The positional relation between the spacers and the mask portion of the shadow mask is not especially limited. 

25 However, it is preferable that the high portions of the spacers exceeding the thickness of the thin film layer exist above 
the mask portion of the shadow mask, i.e., between the second electrodes as shown in Rg. 7, for such reasons that 
since the clearance between the substrate and the reinforcing lines becomes effectively large, the amount of the second 
electrode material going behind the reinforcing lines increases, to deposit the second electrode material in the relatively 
less rough regions of the substrate, for inhibiting the increase of the electric resistance of the second electrodes, and 

30 that depending on conditions, since the thin film layer is perfrectly covered by the first electrodes or substrate, spacers 
and second electrodes, the degradation of the properties of the organic electroluminescent elements due to the pene- 
tration of water into the thin film layer, etc. can t>e inhibited. ^ 

[0058] The shadow mask used for patterning the second electrodes is not limited to the structure shown in Fig. 4 or 
Fig. 23, and for example, the reinforcing lines can also be arranged to form meshes. Furthermore, as shown in the sec- 
35 tional view of Rg. 24. the mask portion 31 may be tapered, or as shown in the sectional view of Rg. 25, the ranfordng 
lines 33 can also be structurally integrated with the mask portion 31 . 

[0059] The thickness of the mask portion is not especially limited since the clearance between one face of the mask 
portion and the reinforcing lines becomes larger when the thickness is larger, the amount of the deposit which goes 
behind the reinforcing lines increases. However, since it is difficult to accurately produce a shadow mask with a large 

40 thickness compared to the width of the mask portion, it is preferable that the thickness of the mask portion is almost 
equal to the minimum width of the mask portion to less than aSooxA three times. It is preferafctle that the width of the rein- 
forcing lines is less than the height of the clearance since thinner reinforcing lines allows more of the deposit to go 
behind the reinforcing lines basically It is preferat^le that the number of reinforcing lines is as small as possible within a 
range to sufficientiy prevent the deformation of apertures, for lessening the portions remaining behind the reinforcing 

45 lines. 

[0060] As required, after the second electrode patterning step, a passivation layer can be formed or the luminescence 
regions can be sealed by using a publicly known technique or the patterning technique in the production method of the 
present invention. 

[0061 ] It is preferable to pattem at least eittier the emitting layer or the second electrodes of the organic electrolumi- 
50 nescent device in the production method of the present invention, but tiie present invention does not limit the structure 
of the shadow mask used for patterning. Therefore, for example, a shadow mask with a structure shown in Rg. 4 in 
which the reinforcing lines do not contact the spacers can be used to pattern the emitting layer while the second elec- 
trodes are pattemed by a publicly known technique. Furthermore, a shadow mask in which the reinforcing lines 33 and 
the mask portion 31 are fomned on the same plane as shown in Rg. 26 can also be used, and as shown in Rg. 27 and 
55 Fig. 28 which is a side view of Rg. 27, the spacers 4 can t»e formed to be relatively higher, to pattem the second elec- 
trodes 8 by using the clearance 36 formed between the reinforcing lines 33 and the thin fOm layer 10. 
[0062] The preferable materials which can be used for the shadow mask include, though not limited to, metals such 
as stainless steel, copper alloys, nickel alloys ard aluminum alloys, and photosensitive resir^ prepared by making pho- 
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iTthfeSrS^fftl!!. u^'*'"" ""^ to be kept in contact with the spacere by magnScZS 

ISn,ti°K*' ! "^J"' '«*'"9 Shadow mask In contact with the spacers by magnetic force it is oreferahle 

shad«v^^ «n^^hl^^ "s selected, but an organic material such as polyanlline can also be used The 
[0071] The present invention is described below based on e)amples. 



10 



EP0 955 791 A1 



Reference Example 

[0072] The methocte for producing the shadow masks used in the following examples are described below. 

[0073] The method for producing the shadow mask for the emitting layer is described below. At first, Ni-Co alloy was 

5 precipitated on a mother substrate by electroforming, to form a sheet with a margin of meshes 38 connected around a 
mask portion 31 as shown in Rg. 35. Then, while the sheet was tensioned by using the margin of meshes, the mask 
portion was overlaid on a frame, and both were fastened using an adhesive. Finally, the rmrgin of meshes extending 
beyond the frame was cut off, to produce a shadow mask with high flatness for the emitting layer. 
[0074] The method for producing the shadow mask for the second electrodes is described below In reference to Rg. 

10 36. Beforehand. Ni had been predprtated on a nmther substrate by electrofonming, to form reinforcing lines of meshes. 
At first, (a) on the mother substrate 21 with a pattern of photoresist 20. (b) Ni-Co alloy was precipitated to form a mask 
portion 31. and then (c) the photoresist only was removed. Subsequently (d) reinforcing lines 33 were overlapped on 
the mask portion with tension 22 applied to the reinforcing lines, and Ni was precipitated at the contact portions of both 
by electrodeposttion. to connect both. FurthernfK)re, (e) with the tension kept, the connected mask portion and reinforc- 

75 ing lines were removed, and (f) and the mask portion was overlaid on a frame 34, both t>eing fixed using an adhesive. 
Finally, the portions of the reinfbrang lines extending beyond the frame were cut off, to produce a shadow mask with 
high flatness for the second electrodes. 

Example 1 

20 

[0075] Shadow masks with a structure in which the mask portion and the reinforcing lines were formed on the same 
plane as shown in Rg. 1 7 were prepared for patterning the emitting layer. Each of the shadow masks was 120 x 84 mm 
in outside form and 25 ^m in the thickness of the mask portion 31 , and had ninety two 64 mm long 305 \im wide aper- 
tures 32 formed In stripes at a prtch of 900 |im in the crosswise direction. At tiie apertures formed in stripes, 20 ^m wide 

25 and 25 ^m thick reinforcing lines 33 across the apertures were formed at 1 .8 mm intend. Furthermore, tiie shadow 
mask was fixed on a 4 mm wide stainless steel frame 34 equal in outside form to the shadow mask. 
[0076] A shadow n^k with a structure in which a clearance 36 was formed between one face 35 of a mask portion 
31 and reinforcing lines 33 as shown in Figs. 30 and 31 was prepared for patterning the second electrodes. The shadow 
mask was 1 20 x 84 mm in outside form and 1 70 jim in the thickness of the mask portion, and had sixty six 1 00 mm long 

30 and 770 ^m wide apertures 32 formed in stripes at a pHch of 900 \ixn in the crosswise direction. On the mask portion, 
45 \vm wide and 40 ^m thick reinforcing lines wHh a distance of 200 ^m between respective opposite two sides were 
formed to form regular hexagonal meshes. The height of the clearance was 1 70 ^m, being equal to the thickness of the 
mask portion. The shadow mask was fixed on a 4 mm wide stainless steel frame 34 equal in outside form to the shadow 
mask. 

35 [0077] The first electrodes were patterned as described below. An ITO glass substrate a witii 1 50 nm tinick transparent 
ITO electrode formed on the surface of a 1 . 1 mm tiiick no-alkali glass substrate by sputtering evaporation (produced by 
Diomateck) was cut at a size of 120 x 100 mm. The ITO substrate was coated with a photoresist which was exposed 
and developed to be patterned by ordinary photolithography. The unnecessary portions of ITO were etched, and tiie 
photoresist was rerrtoved, to pattern TO in 90 mm long and 270 ^m wide stiipes. As shewn in Fig. 8, 272 first electrodes 

40 2 were formed in stripes at a pitch of 300 ^m in the crosswise direction. 

[0078] The spacers were formed as described below. Said TO substiBte was coated wrtii a polyimide based photo- 
sensitive coating material (UR-3100 produced by Toray Industries. Inc.) by spin coatir)g. and pre-baked at 80°C for 1 
hour in nitrogen atmosphere in a dean oven. Furthermore, the coating film was exposed to ultraviolet light through a 
photo mask, to be photoset in the desired portions, and developed using a developer (DV-505 produced by Toray Indus- 

45 tries. Inc.). Rnally. the pattemed coating film was baked at 180^*0 for 30 minutes, and then at 250''C for 30 minutes in 
a dean oven, to form spacers 4 in the direction perpendicular to tiie first electrodes as shown in Rgs. 1 to 3. The trans- 
parent spacers had a lengtii of 90 mm, widtii of 150 pm and height of 4 \im, and 67 spacers were arranged at a pitch 
of 900 \im in the crosswise direction. The spacers also had good electric insulation performance. 
[0079] The TO sutjstrate with the spacers formed was washed, and set in a vacuum evaporator. Three shadow masks 

so for the emitting layer and one shadow oBsk for the second electrodes respectively produced as described above were 
set in tiie vacuum evaporator. In the vacuum evaporator, the four shadow masks could be exchanged to be positioned 
witti the substrate in vacuum at an accuracy of about 10 jim. 

[0080] The thin film layer was formed as described below by vacuum deposition based on resistance wire heating. 
The degree of vacuum during vapor deposition was 2 x 10*^ Pa or less, and during vapor deposition, the substiBte was 
55 rotated against the evaporation source. 

[0081] At first in the arrangement as shown in Rg. 16, copper phthalocyanine was vapor-deposited by 20 nm and 
bts(N-€thyteart)azole) was vapor-deposrted t^y 200 nm on the entire surface of the sut>strate , to fam a hole transport 
layer 5. 
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layer. 

[0094] The respective regions of the emitting layer were arranged for every three first electrodes 2 fbnmed in stripes 
as shown in Fig. 20, to perfectly cover the exposed portions of the first electrodes. 

[0095] Furthermore, in the anrangement shown in Fig. 21 , DPVBi was deposited by 90 nm and Alps was deposited 
5 by 30 nm on the entire surface of the substrate, to fomi an electron transport layer 7. Then, the thin film layer 10 was 
exposed to lithium vapor, for doping (0.5 nm as the film thickness). 

[0096] Subsequently, the second electrodes were patterned and a passivation layer was formed as described for 
Example 1. 

[0097] As described above, as typically shown in Figs. 1 to 3, a passive matrix type color electroluminescent device 
10 was produced, in which the thin film layer 10 containing the pattemed R, G and B regions of the emitting layer 6 was 
formed on two hundred and seventy two 270 jim wide TIO first electrodes formed in stripes at a pitch of 300 jim, and in 
which sixty six 750 ^m wide second electrodes 8 were formed in stripes at a pitch of 900 ^m in the direction perpendic- 
ular to the first electrodes. Since three lunninescent regions of R. G and B form one pixel, the electroluminescent device 
had 90 X 66 pixels at a pitch of 900 ^m. 
15 [0098] In the electroluminescent device, as shown in Rg. 2, the electron transport layer was formed on the entire sur- 
face of the substrate in a structure to sinplify the patterning steps and having an effect to prevent the degradation of 
properties of the electroluminescent device already described before. 

[0099] The second electrodes formed in stripes were sufficiently low in electric resistance in the longitudinal direction 
as in Example 1 , and perfectly free from shortcircuiting. 
20 [01 00] The luminescent regions of the produced electroluminescent device luminescentted light in respectively inde- 
pendent R. G and B colors in sizes of 270 x 750 ^m. Furtherrnore, the decline in the luminescentted light color purity of 
the luminescent regions due to the straying of the luminescent materials during patterning of the emitting layer was not 
obsen/ed. 

[0101] As described for Example 1, the electroluminescent device was driven line-scanningly, and clear patterns 
25 could be displayed in multicolor. 

Exanrple 3 

[01 02] As described for Example 1 , the ITO was patterned as first electrodes in 90 mm long and 280 ^m wide stripes, 
30 and the photoresist was removed. As described for Example 1 . 272 first electrodes were formed in strips on a glass sub- 
strate at a pitch of 300 ^m in the cros^se direction. 

[0103] The spacers were formed as described below. Glycidyl methacrylate was added to a copolymer consisting of 
40% of methacrylic acid. 30% of methyl methacrylate and 30% of styrene by 0.4 equivalent for each equivalent of the 
cartsQxyl groups of the copolymer for reaction, to obtain an acrylic copolymer with cartxsxyl groups and ethylene unsatu- 

35 rated groups as side chains. Two hundred parts by weight of cyclohexane were added to 50 parts by weight of the 
acrylic copolymer, 20 parts of a brfunctional urethane acrylate oligomer (UX-4101 produced by Nippon Kayaku Co., 
Ltd.) as a photoreactive compound and 20 parts by weight of hydroxypivalate neopentyi glycol diacrylate (HX-220 pro- 
duced by Nippon Kayaku Co., Ltd.) as an acrylic nnonomer, and the mixture was stirred at room temperature for 1 hour, 
to obtain a resin solution. To the resin solution, 8 parts by weight of diethyithioxanthone (DETX-S produced by Nippon 

40 Kayaku Co.. Ltd.) as a photopolymerization initiator and 3 parts by weight of ethyl p-dimethylaminc^enzoate (EPA pro- 
duced by Nippon Kayaku Co.. Ltd.) as a sensitizer were added, and furthermore, a methyl ethyl ketone/hnethyl isotxityl 
ketone solution containing 30 wt% of an oil soluble azo chromium complex salt dye (3804T produced by Orient Kagaku) 
and phthalocycanine black pigment were added as colorants. The mixture was stin-ed at room temperature for 20 min- 
utes, to obtain a photosensitive black paste. 

45 [0104] The photosensitive black paste was adjusted in concentration and applied onto said ITO substrate by spin 
coating and pre-baked at BO'^O in nitrogen atmosphere for 5 minutes in a clean oven. Furthermore, said coating film was 
exposed to ultraviolet light through a photo masK to be photoset in the desired portions, and developed by 0.4 vol% 2- 
aminoethanol aqueous solution. Finally the patterned coating f Om was baked in a dean oven at 120°C for 30 minutes, 
to form first spacers 3 in matrix as shown in Fig& 13 to 15. The black spacers had a height of 0.5 ^m, and in regions of 

so 270 X 750 ^m free from these spacers, the first electrodes were exposed. The first spacers were formed so that they 
cover the 5 Mm ends of the first electrodes. 

[01 05] Furthermore, the photosensitive black paste was used to form sixty seven 90 mm long. 1 30 ^m wide and 4 ^m 
high second spacers 4 at a pitch of 900 ^m in the crosswise direction on the f irst spacers in the drection perpendicular 
to the first electrodes as shown in Figs. 13 to 15 according to similar photoltsography. The two kinds of spacers had 
ss good electric insulation p^rmance respectively. 

[01 06] As described for Exanrple 1 except the akxjve operation, a passive matrix type color electroluminescent device 
as typically shown in Rgs. 13 to 1 5 was produced. Since three emitting areas of R. G and B form one pixel, the electro- 
luminescent device had 90 x 66 pixels at a pitch of 900 mm. 
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[0109] As in Example 1 when the el«*Zrtn^frH° P^"'™"?.°' 'a/er was not observed either. 
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The shadow mask was 120 x 84 mm in outside fomi and had a thickness of 100 fim in the mask portion, having two 
hundred 100 mm long and 245 pm wide apertures 32 formed in stripes at a p'rtch of 300 ^m in the crosswise direction. 
On the mask portion. 40 |im wide and 35 ^m thick reinforcing lines with a distance of 200 pxn between respectively 
oppc^te two sides were formed to form regular hexagonal meshes. The height of the clearance was 100 ^m, being 
equal to the thickness of the mask portion. FurthernrK)re. the shadow mask was fixed on a 4 mm wide stainless steel 
frame 34 equal in outside form to the shadow mask. 

[0121] At first, as desaibed for Example 1 , first electrodes of ITO were patterned in 90 mm long and 70 ^m wide 
stripes. As shown in Fig. 8. 816 first electrodes 2 were formed in stripes at a pitch of 100 ^m in the crosswise direction. 
[0122] Then, according to photolithography as in Exanple 1 . spacers 4 were formed in the direction perpendicular to 
the first electrodes as shown in Figs. 1 to 3. The spacers were 201 transparent spacers with a length of 90 nnm. width 
of 60 ^ and height of 4 ^m formed at a pitch of 300 ^m in the crosswise direction. The spacers had good electric insu- 
lation performance. 

[0123] The above shadow masks were used to produce a passive matrix type color electroluminescent device as 
desaibed for Example 1 . In the electroluminescent device, as typically shown in Rgs. 32 to 34, a thin film layer 1 0 con- 
taining an emitting layer 6 with pattenned R and G regions and an electron transport layer 7 also used as an emitting 
layer with B regions was formed on the eight hundred and sixteen 70 wide ITO first electrodes 2 formed In stripes 
at a pitch of 1 00 ^m, arxl two hundred 240 ^m wide second electrodes 8 were formed in stripes at a pitch of 300 ^m in 
the direction perpendicular to the first electrodes. Since three luminescent regions of R. G and B form one pixel, the 
electroluminescent device had 272 x 200 pixels at a pitch of 300 \ijm. The second electrodes formed in stripes were not 
divided by the reinforcing lines of the shadow mask, and were sufficiently low in electric resistance in the longitudinal 
direction over 100 mm. On the other hand, the respectively adjacent second electrodes in the crosswise direction were 
not shortdrcuited at all, being perfectly insulated. 

[0124] The luminescertt regions of the electroluminescent device ennitted light uniformly in respectively independent 
colors of R. G and B in sizes of 70 x 240 ^m. Furthermore, the decline in the luminescentted light color purity of the 
luminescent regions due to the straying of the luminescent materials during patterning of the emitting layer was not 
observed either. 

[01 25] The electroluminescent device was driven line-scanningly by a line-scanning drive circuit capable of discharg- 
ing the charges accumulated in the circuit when the scanning line was selectively changed, clear patterns could be dis- 
played in muttioolor. 

Industrial Availability 

[0126] In the method for producing an organic electroluminescent device of the present invention, since the shadow 
mask is kept in contact with the spacers having a height at least partially exceeding the thickness of the thin film layer, 
the thin film layer is not flawed. So, the properties of the organic electroluminescent elements are not degraded. This 
effect is especially large when magnetic force is used to improve the contact between the sut)strate and the shadow 
mask or to relatively position both of them. 

[0127] In addition, since the reinforcing lines are used to prevent the apertures of the shadow mask from being 
deformed, the fine patterning of the emitting layer, second electrodes, etc. by masking can t>e achieved at high accu- 
racy. 

[01 28] Furthermore, as described in the method for patta'ning the second electrodes, since the deposit can be depos- 
ited also behind the reinforcing lines, patterning can be achieved at high accuracy e^en under conditions of various 
vapor deposition angles. Therefore, nrmny evaporation sources can be used for vapor deposition, and sputtering evap- 
oration, etc. can also be used. So. the effect is especially large when uniform patterning in a wide area is intended. 
[0129] Moreover, since any desired form can be patterned by one vapor deposition step, the number of production 
steps can be decreased. FurthernrK)re, the electroluminescent de^ce to be produced is not limited in structure. 

Claims 

1. A method for produong an organic electroluminescent device which is provided with first electrodes formed on a 
substrate, a thin film layer on the first electrode containing at least an emitting layer composed of an organic com- 
pound and a plurality of second electrodes formed on the thin film layer, and has a plurality of luminescent regions 
on sasd substrate, comprising a step of forming spacers having a height at least partially exceeding the thickness 
of said thin film layer on the substrate, arvJ a step of vapor-d^xsiting a d^x)sit for patterning while a shadow mask 
having reinforcing lines formed across its apertures is kept in contact with said spacers. 

2. A method for producing an organic electroluminescent device according to dalm 1 . wherein the shadow mask, of 
which at least either its mask portion or the reinforcing lines is made of a magnetic material, is brought into contact 
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with the spacers by magnetic force. 

3. A meaiod for producing an organic electroluminescent device according to claim 1 . wherein the patterning is con- 
ducted by vapor-depositing the deposit also on the portions behind the reinforcing lines. 

*■ tn rSrl ^7^'^'^ ^ electroluminescent device according to daim 1 . wherein the shadow masl< hav- 
ing reinforcing lines not in contact with the spacers is used for patterning the second electrodes. 

5. A method for producing an organic electroluminescent device according to claim 1 , wherein the shadow mask hav- 
ing reinforcing lines in contact with the spacers is used for patterning the emitting layer. 

^' fer'^'S?ir'°t" mI!" electroluminescent device according to daim 1. wherein thefiist electrodes are 

• ^ '^""^ * ""P"^" °" ^ "^"'"^ f«"*"""9 «"es. in a plurality of stripes with inter- 

vals in the crosswise direction and in the direction perpendicular to the first electrodes smpeswnn inter 

^" ^ electrduminescent device according to claim 6. wherein the spacers are formed 

along the first electrodes and between the first electrodes. »aeiurmea 

°' tT!'^ ^^"^^"^ an organic electrduminescent device accoixling to claim 7, wherein the spaceis are foniied 
so ttet they cover the ends of the first electrodes. 

"? ^ °!^"''' eledroluminescem device according to claim 6. wherein the spacers arefomwd 
so that they cross the first eledrodes and locate between the second dedrodes. 'sareiormeo 

^" eledroluminescentdarfce according to daim l, which comprises a step of form- 
mg^an organic layer composed d an organic compound containing biscarbazolyl strudure as a part d the thin film 

JaSyllSS.'^"^^" '^^^^ 
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Fig. 6 2 1 




19 



Fig. 8 
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Fig. 10 
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Fig. 11 
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Fig. 13 
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Fig. 16 
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Fig. 20 6 
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Fig. 23 
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Fig. 28 
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Fig. 30 
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Fig. 31 
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Fig. 33 
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Fig. 37 9 
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